ABSTRACT. Short-term changes in the cytoplasmic pH in the plasmodium of Physarum polycephalum were measured with special reference to its contraction-relaxation cycle. The measurement was done photometrically in a plasmodial strand segment loaded with fluorescein diacetate. To eliminate possible errors caused by volume changes of the plasmodial strand in the course of its contraction-relaxation cycle, fluorescence intensities at two excitation wavelengths, 493 nm (pH sensitive) and 448 nm (pH insensitive), were recorded alternately. Simultaneously, tension production of the same strand segment was recorded under isometric conditions. The results were : 1) The cytoplasmic pH averaged 6.6 ± 0.5, for 34 specimens.
The plasmodia of myxomycetes, especially of Physarum polycephalum, are among the most extensively investigated materials in cell motility research. However, only a few reports have appeared on the pH of Physarum plasmodia. Seifriz and Zetzmann (12) first estimated the cytoplasmic pH in Physarum by using the color changes of its intrinsic pigments as an indicator, with particular reference to its fruiting and sclerotium formation. The change in the cytoplasmic pH of Physarum in relation to its mitotic cycle was studied by Gerson and Burton (3) and Morisawa and Steinhardt (9) . According to these authors, the pH rises at or near the stage of mitosis and reaches a low point at the mid-interphase of the mitotic cycle. Hirose et al. (5) used fluorometry of the intrinsic fluorescent pigments of Physarum to study the role of intracellular pH in chemotactic transduction and suggested that the degree of cytoplasmic acidification paralleled the relaxing phase of the tension cycle. However, there has been no report on the short-term pH changes in relation to the contractionrelaxation cycle.
In the present work, we simultaneously measured cytoplasmic pH and isometric tensile force production in a plasmodial strand segment of Physarum. The cytoplasmic pH was measured using a fluorescent pH-indicator dye, fluorescein diacetate, which shows pH-sensitive or -insensitive fluorescence excitation depending on the wavelength of the excitation light. 
RESULTS
pH dependence of fluorescein spectra. At pH 6 or higher the excitation spectra of the fluorescein solutions (Em 560 nm) were dominated by a large peak at an excitation wavelength of about 490 nm, as shown in Fig. 2 . At lower pH, this peak became smaller than another peak at around 470 nm. A pH-insensitive excitation wavelength was found at 448 nm for the range of pH 6-8. Thus, as shown in Fig. 3 , the pH in this range could be sensitively measured by the ratio of fluorescence intensities excited at 490 nm and 448 nm, which will be referred to as the 490/448 (Em 560) ratio. This ratio is independent of the concentration of the fluorescent dye and the volume of the solution (4, 11) . Hence the pH can be estimated from this ratio without knowing the fluorescein concentration.
Fluorescein-loaded plasmodium. The plasmodium loaded with fluorescein exhibited no apparent abnormalities in morphology or behavior except that it appeared greenish. When it was left on the agar surface, it moved about for as long as one week and eventually developed fruit bodies. Segments of a fluorescein-loaded plasmodial strand generated the normal rhythmical tensile force under isometric conditions. The amount of fluorescein trapped within the plasmodium was less than 0.2 mM, 530 nm (cf. Fig. 2 ), the fluorescence (a) excited by 530 nm should be equal to the fluorescence of the native strand system. Thus, the level and magnitude of spectrum (b) were determined.
To estimate the intracellular pH, we had to obtain the 493/448 (Em 560) ratio from the spectrum of the fluorescein trapped within the plasmodial strand ; the spectrum of the intact, unstained strand (b, in Fig. 4 ) was subtracted from the total spectrum (a), and the difference spectrum (c) between (a) and (b) was then assumed to represent the spectrum of only the fluorescein dye trapped within the plasmodial strand. Native pigments in the supernatant after homogenization of the plasmodium in 0.1 M phosphate buffer and centrifugation (100,000 g for 1 h) had no pH sensitivity in the range of excitation wavelengths studied (Fig. 5) .
Cytoplasmic pH changes and force production. The fluorescein-loaded plasmodial strand was set on the tensiometer and held vertically in the standard fluorescence cuvette filled with a weakly buffered solution (pH 6.0). As mentioned before, a small area in the middle part of the strand was irradiated with an excitation beam, and then changes in tension output and fluorescence intensities were recorded continuously and simultaneously with a pen chart recorder. However, since the thickness of the strand during the contraction and relaxation cycle was not exactly constant even under isometric conditions, the extent of the changes in fluorescence intensity which were due to the pH changes per se had to be determined.
To detect the intracellular pH changes independently of the changes in strand thickness, the fluorescences due to excitation at 493 nm and 448 nm were measured alternately at about 10 sec intervals. Cyclic changes in 448-nm-excited fluorescence were pH independent and showed only mass changes. As shown in Fig. 6 , the 448-nm-excited fluorescence (B) was low, and the magnitude of its rhythmic fluctuation was small. To eliminate the effect of mass changes, the 448-nm-excited fluorescence was subtracted from the 493-nm-excited fluorescence. This normalized the average intensity level of the fluorescence excited at 448 nm (B) to that of the fluorescence excited at 493 nm (A), with the cyclic fluctuations amplified by the same factor. If the intracellular pH did not change in association with force production, the two Figs. 3, 4 , and 6).
In Fig.  7 , B' represents the 448-nm-excited fluorescence (B in Fig.  6 higher order organization are characteristic of the phase of the contraction-relaxation cycle; hence they must also be correlated with cytoplasmic pH. Our data and observations made by Nagai et al. indicate that cytoplasmic pH decreases in the contracting phase when microfilaments form compact straight bundles, and it increases in the relaxing phase when these bundles are loosened and each filament composing them becomes flexible. Although the causal relationship between the cytoplasmic pH and the microfilament morphology still remains to be dealt with, it may be said on the basis of our present observations and those made by Nagai et al. (10) that the lower pH should favor the assembly of microfilaments in straight compact bundles and the higher pH the loosening of their bundle structure.
